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Abstract 
Introduction: Poppers (alkyl nitrites) are recreational substances commonly used during sexual activity. 
The current legal status of poppers is complex and wide-ranging bans are increasingly under discussion. 
Research has identified disproportionate levels of poppers use in sexual minority men. While research 
on poppers use among sexual minority men exists, little is known about poppers use patterns and 
correlations with psycho-social and other factors among gay and bisexual young men.  
Methods: A cross-sectional survey was conducted with 836 Australian gay and bisexual young men 
aged 18 to 35 years. Descriptive statistics and hierarchical segmentation analyses were conducted to 
identify poppers use patterns, and correlates of recent poppers use (past three months) with personal 
characteristics, use of other substances, as well as mental and psycho-social health including minority 
stress, LGBT-community connectedness and participation.  
Results/Conclusion: High levels of lifetime (38%, n=315) and recent (24%, n=204) poppers use were 
reported. However, few participants reported dependency symptoms, risky consumption or problems 
arising from using poppers. The final model included three variables (visiting sex-on-premises venues, 
licensed LGBT venues, and using other substances) and predicted 85% (n=174) of recent poppers use. 
No correlations with other concepts or characteristics could be identified. This analysis further supports 
the hypothesis that poppers may be substances with a comparably low risk profile. A regulation of 
poppers with a harm reduction approach may present a valuable public health intervention.  
 
 
Keywords: Substance Use, Alkyl Nitrites, Men Who Have Sex With Men, Minority Health   
Introduction 
‘Poppers’ is a common term used to refer to recreational substances with an active ingredient from the 
alkyl nitrite class (1), most commonly amyl nitrite (C5H11ONO) but also butyl (C4H9NO2), isobutyl 
(C4H9NO), isopropyl (C3H7NO2) or pentyl nitrite (C5H11NO2). These substances are clear liquids with 
a strong scent that are inhaled through the nostrils (2). Effects set in within a few seconds and last for a 
few minutes depending on dosage and user (3).  
Poppers were originally intended to aid in the treatment of heart conditions, particularly angina, but 
became increasingly popular due to other effects. Depending on expectancies of poppers use in 
individuals and the context in which these are used, effects may include mild euphoria and a heightened 
state of sexual arousal (4), as well as relaxant effects on certain muscles including the sphincter and 
vagina (5). Poppers are most commonly used before or during sexual activity (6) but have always been 
used outside of sexual contexts, and an increase in non-sexual recreational use among young people has 
been registered in different jurisdictions (7). While poppers are used by populations of all sexual 
identities, research has shown that gay and bisexual men are disproportionately more likely to use these. 
A recent international survey (8) reported that, in comparison to heterosexual men, those identifying as 
gay or bisexual had adjusted odds ratios of lifetime poppers use of 5.1 and 1.88, respectively. Last 
month use was also significantly higher with 1.5% among heterosexual men compared to 16.2% and 
4.5% among gay and bisexual men, respectively. Similarly, two Australian studies reported high levels 
of recent use with up to 38% of sexual minority men reporting poppers use in the past six months (9,10). 
Older sexual minority men also appear to be more likely to use poppers than their younger counterparts 
with a recent study from Australia reporting that 23% of participants aged 16 to 24 years of age used 
poppers in the past 6 months compared to 41% among those aged 30 to 39 years (11). Overall, these 
results are consistent with a European study showing that poppers products are the third most commonly 
used substance among gay and bisexual men, after alcohol and tobacco (12).  
Poppers do not cause physical dependencies; however, studies suggest that some users may develop 
psychological dependencies and depend on the use of the substance to engage in satisfactory sexual 
activity (13-15). Side effects of poppers use are overall described as small, particularly in comparison 
to other substances, but may include skin lesions (around the nostrils and lips), reflex tachycardia, 
vasodilation, brief hypotension, dizziness, flushing, and methaemoglobinemia (16). Poppers may lead 
to severe hypotension, myocardial infarction and death when combined with phosphodiesterase-
inhibiting medications (e.g., sildenafil) used to treat erectile dysfunction and pulmonary arterial 
hypertension (16,17).  
Past research reported correlations between poppers use and sexual risk behaviours as well as 
undiagnosed HIV infections and a heightened risk of seroconversion in men who have sex with men 
(10,18,19). Research on psychosocial consequences, LGBT community identification and mental 
wellbeing of poppers use among gay and bisexual men is scarce. However, a recent study from Australia 
reported that men who have sex with men who use poppers were less likely to show symptoms of 
depression, more likely to be engaged with other gay men, and more likely to consider themselves to 
be masculine (20).  
Poppers have historically been described as a part of the wider gay culture (21,22). A 2018 interim 
decision by the Therapeutic Goods Administration (2) to amend Australia’s Poisons Standard by 
rescheduling poppers from Schedule 4 (Prescription Only) to Schedule 9 (Prohibited Substance) was 
met with strong resistance from the community, calling the decision an attack or war on gay and 
bisexual men and their community (23,24). Partial or complete bans in other jurisdictions have attracted 
similar criticism in the past (25). The legal status of poppers is generally complex and contentious (2). 
While marketing poppers as a recreational substance is illegal in Australia, it is commonly sold in adult 
and online shops as ‘room deodoriser’, ‘leather cleaner’ or ‘VHS head cleaner’, falsely assuming that 
such labels will bypass existing regulations (2). Some jurisdictions have banned certain alkyl nitrites 
for any non-commercial use, such as isobutyl nitrite in the European Union due to evidence suggesting 
a higher prevalence of retinal damage compared to other alkyl nitrites (26) or amyl nitrite in the United 
States (27).  
As discussed above, many studies on the impact of poppers on sexual (risk) behaviour and physiological 
side effects have been published. However, research focusing on relationships between poppers use and 
psycho-social factors as well as other concepts such as LGBT community connectedness and 
participation in gay and bisexual men is limited, particularly among young sexual minority men. 
Previous research identified strong correlations between the use of substances and concepts such as 
participation in and connectedness to the LGBT community in sexual minority men from which 
implications for public health practice, including health promotion, and further research into substance 
use in this population were drawn (28-30). The aim of this study is, therefore, to identify patterns of 
poppers use in young gay and bisexual men, and to explore correlates of poppers use with participation 
in and connectedness to the LGBT community, mental and psychosocial wellbeing, as well as other 
substance use and personal characteristics. 
  
Materials and Methods 
Recruitment and participants  
A cross-sectional survey on substance use was completed by 836 sexual minority men between 
November 2016 and April 2017. Recruitment was conducted using paid and unpaid advertisement on 
social media platforms including Facebook® as well as through LGBT community organisations, 
LGBTIQ media, and commercial LGBTIQ-venues. Potential participants had to reside in Australia and 
were aged between 18 and 35 years to ensure sufficient commonalities. Research ethics approval was 
obtained from Queensland University of Technology’s Human Research Ethics Committee (approval 




Demographic information on age, gender, sexual minority identity, country of birth, ethnicity, living 
area, and education status were collected. Sexual minority and gender identity categories were 
developed after community consultations and participants were offered an extensive list. However, only 
participants identifying as men (self-identification including participants identifying as cisgender men 
and transgender men) were included for the purpose of this analysis.  
 
Poppers use behaviour 
Participants were asked about their use of poppers in their lifetime, past year, past three months and 
past month. Participants who have indicated any use of poppers in their lifetime were also asked to 
complete a poppers-specific version of the valid and reliable (31) WHO Alcohol, Smoking and 
Substance Involvement Screening Test (ASSIST) to calculate a specific substance involvement score 
(Range: 0-39). A score between 0 and 3 indicates low risk use, scores between 4 and 26 indicate 
moderate risk and scores of 27 or above indicate high risk use patterns. Scores are calculated from seven 
items: 
(1) In your life, have ever used poppers/amyl/alkyl nitrites? (Yes/No) 
(2) In the past three months, how often have you used poppers/amyl/alkyl nitrites? (Never, Once 
or Twice, Monthly, Weekly, Daily or Almost Daily) 
(3) During the past three months how often have had a strong desire or urge to use 
poppers/amyl/alkyl nitrites? (Never, Once or Twice, Monthly, Weekly, Daily/Almost Daily) 
(4) During the past three months how often has your use of poppers/amyl/alkyl nitrites led to health, 
social, legal or financial problems? (Never, Once or Twice, Monthly, Weekly, Daily/Almost 
Daily) 
(5) During the past three months, how often have you failed to do what was normally expected of 
you because of your use of poppers/amyl/alkyl nitrites? (Never, Once or Twice, Monthly, 
Weekly, Daily/Almost Daily) 
(6) Has a friend or relative or anyone else ever used poppers/amyl/alkyl nitrites? (No, never; Yes, 
in the past three months; Yes, but not in the past three months) 
(7) Have you ever tried and failed to control, cut down or stop using poppers/amyl/alkyl nitrites? 
(No, never; Yes, in the past three months; Yes, but not in the past three months) 
Data on these variables were also collected for other common substances: Alcohol, THC/Cannabis, 
Tobacco, MDMA/Ecstasy, Hallucinogens, Amphetamines, Cocaine, Inhalants (excluding Poppers), 




Other variables included in this analysis are: Connectedness to the LGBT Community Scale (32), 
Participation in the LGBT Community Scale (33, 34), Drug-Taking Confidence Questionnaire (35), 
Substance Use Motives Scale (36), Mental Health Continuum – Short Form for Adults (37), Kessler-
10 Psychological Distress Scale (38), Brief Resilience Scale (39), Minority Stress Scales (violence 
and harassment, and sexual orientation conflict) (40), Coping Inventory for Stressful Situations (41), 
Alcohol Use Disorder Identification Test C (42), and religious beliefs, values and practices.  
 
Statistical analysis 
Construct reliability and validity 
Cronbach’s alpha was used to analyse the internal consistency of constructs. Scales ranged between 
0.87 and 0.93 with the exception of the Participation in the LGBT Community Scale (0.63). Further 
confirmatory factor analyses were conducted on adapted scales (Connectedness to the LGBT 
Community, and the sexual orientation conflict subscale of the Minority Stress Scale) demonstrating 
a good fit with normed fit indexes and comparative fit indexes values exceeding 0.95 (43). 
Exploratory and confirmatory factor analyses were performed for the newly developed Participation 
in the LGBT Community Scale. An exploratory factor analysis using a random half of the sample 
identified 5 items (Kaiser-Meyer-Olkin Measure of Sampling Adequacy=0.789, p≤0.001). The 
model demonstrated good fit in a confirmatory factor analysis with the remaining half of participants 
(NFI=0.96, CFI=0.96). 
 
Poppers use correlations 
A hierarchical segmentation analysis (HAS) via decision trees was utilised to investigate correlations 
of recent poppers use with other variables (LGBT community specific variables (LGBT Community 
Participation and LGBT Community Connectedness), mental and psychosocial health and 
wellbeing, other substance use, and personal characteristics). The HAS via decision trees method is 
used to detect interactions between variables and belongs to a family of non-parametric methods 
using recursive partitioning to find patterns in large data sets (44,45). The non-parametric nature of 
hierarchical segmentation analysis overcomes limitations which are usually related to linearity in 
model construction, allowing a wider diversity of applications. This is particularly advantageous for 
the analysis of the dataset utilised in this study, where normality and linearity are not always given. 
Decision trees are also robust to irrelevant or noisy variables, and outliers or errors. Public health 
research has identified machine learning approaches such as the decision tree method to be an 
alternative to more traditional analyses such as logistic regression (46). 
From an algorithmic perspective, this automatic method seeks to split the variables into nodes, 
building the tree model through the growth of branches. The exhaustive CHAID (Chi-Squared 
Automatic Interaction Detection) data mining algorithm designed by Kass (47) was used in the 
present analysis. The exhaustive CHAID algorithm allows tree growth through sequential 
combination and division of population groups based on a statistical Chi-Square test. The starting 
node concentrates the whole population with each of the remaining subsequent nodes (children 
nodes) containing a portion of the population from the node located immediately above (parent 
nodes). In this particular case, the decision tree was used to assess the probability that participants 
reported recent poppers use, based on significant predictors from the variables described above. The 
decision tree was fitted using 10-fold cross-validation under the minimal-cost tree criterion, in other 
words, the tree with minimal cross-validation error has been selected. This technique has been used 
previously in substance use research (48) and other public health issues including risky driving 
behaviours (49), child labour (50) or occupational hygiene (51). Descriptive statistics have been 
used for poppers use and demographic variables. All analyses were conducted using AMOS 25 and 




Demographics and general poppers use 
The final sample (see Table 1) for this analysis consisted of 836 gay and bisexual young men with 
a mean age of 23.4 years (SD=4.8). Most participants identified as gay (81.6%, n=682) and 
Caucasian/White (82.3%, n=688), lived in a major city (69.3%, n=579), and were born in Australia 
(80.3%, n=671).  
 
[Insert Table 1 here] 
 
Almost 40% of participants (see Table 1) have used poppers in their lifetime (37.7%, n=315) and a 
quarter of participants used poppers in the past 12 months (24.4%, n=204). Recent poppers use was 
at 16.5% (n=138) in the past three months, and 12.3% (n=103) in the past month. The average age 
of onset of poppers use was 20.4 years (SD=3.6). Among those who ever used poppers (see Table 
2), almost two-thirds (64.8%, n=204) also used them in the past 12 months, with 43.8% (n=138) 
using poppers in the past three months and 32.7% (n=103) in the past month. Forty-two (13.5%) 
participants used poppers at least once a week over the past three months and 27 (8.9%) lifetime 
users showed a strong desire or urge to use poppers at least once a week. Few participants reported 
negative outcomes of their poppers use: 6.6% (n=20) of participants reported failing to control, cut 
down or stop their use in their lifetime, 5.2% (n=16) reported that others have shown concern about 
their use of poppers at some point in their life. Nine (3.0%) participants experienced health, social, 
legal or financial problems as a result of their use and 1.3% (n=4) of users reported that they failed 
to do what was normally expected of them as a result of poppers use. The WHO ASSIST poppers 
use sub-score was 3.1 (SD=4.4) among those who have ever used poppers. 
 
[Insert Table 2 here] 
 
Correlation of recent poppers use 
The final CHAID tree consists of three layers (depths), 11 groups, and six terminal groups (see 
Figure 1). CHAID three predicted four significant correlations at p≤0.05. Two of these were LGBT 
Community participation variables (‘visited an LGBT sex on premises venue in the last 12 months’) 
and (‘visited an LGBT pub/bar/café in the last 12 months’). The two other significant correlations 
were substance use variables (any illicit substance use in the past three months which does not 
include poppers use and past three months tobacco use). No mental and psychosocial health 
variables, demographic characteristics or other LGBT community-specific concepts were significant 
predictors of recent poppers use.  
The final CHAID tree predicted 85.3% of all cases, with the goodness of model fit further confirmed 
by the chi-square test threshold maintained in all branches. The ‘risk’ of misclassifying a participant 
who consumed poppers in the last three months was estimated to approximately 15%. Three 
predictive levels were identified:  
 
[Insert Figure 1 here] 
 
• Level 1: Visiting a sex-on-premises venue in the past 12 months 
The proportion of participants who reported recent poppers use was larger among those who 
visited a sex-on-premises venue in the past 12 months. 11.1% of participants who reported not 
to have visited a sex-on-premises venue reported recent poppers use compared to 48.6% of 
participants who reported visiting a sex-on-premises venue in the last three months and recent 
poppers use. 
 
• Level 2: Use of any illicit substance in the last three months 
Generally, participants who reported consuming illicit substances in the last three months were 
more likely to report poppers use in the last three months regardless of having visited a sex-on-
premises venue during the last year. The proportion of participants who consumed poppers in 
the last three months and reported to have visited a sex-on-premises venue in the last year was 
higher if they consumed illicit substances in the last three months (61.5%), compared to those 
who have not consumed illicit substances in the last three months (33.3%). However, the 
proportion of participants who consumed poppers in the last three months and did not visit a 
sex-on-premises venue in the last year was higher if they consumed other illicit drugs in the last 
three months (21.9%), compared to those who had not consumed illicit drugs in the last three 
months (6.3%).  
 
• Level 3: Recent tobacco use and visiting an LGBT bar, pub or café 
Participants who reported not visiting a sex-on-premises venue, but consumed illicit substances 
in the last three months, were more likely to use poppers if they also consumed tobacco products 
in the last three months. The proportion of participants who consumed poppers was 10% for 
those not reporting recent tobacco use, compared to 27.4% of participants who reported both 
recent poppers and tobacco consumption. Likewise, poppers use in the last three months for 
participants who did not visit a sex-on-premises venue or consumed illicit substances in the last 
three months predicted visiting an LGBT pub/bar/café in the last 12 months. Participants who 
reported LGBT pub/bar/café in the last 12 months have a larger likelihood of consuming 
poppers.   
Discussion 
This study aimed to examine the patterns of poppers use and dependency symptoms in a sample of gay 
and bisexual young men in Australia, including correlates of recent poppers use with LGBT 
community-specific concepts, mental and psycho-social health and wellbeing, personal characteristics 
as well as other licit and illicit substance use. Participants in this sample have reported high levels of 
lifetime and recent poppers use. This is consistent with the current body of evidence demonstrating 
higher levels of poppers use in sexual minority men; however, most literature reports even higher levels 
of poppers use in this population (8-11). 
Despite high levels of poppers use in the sample, the prevalence of dependency symptoms and risky 
consumption were low with WHO ASSIST scores for poppers demonstrating an overall low-risk use of 
these substances (52). Few participants experienced problems typically indicative of dependency 
syndromes, including health, social, legal, and financial problems. No correlation between recent 
poppers use and most other concepts could be identified including mental health, minority stress or 
psychological distress. This is largely inconsistent with previous research regularly identifying 
relationships between other substances and these concepts in sexual minority populations (53-55). It is 
also inconsistent with a recent study from Australia, reporting that sexual minority men who use poppers 
regularly were less likely to show symptoms of depression (20). Recent poppers use was furthermore 
not related to personal characteristics including ethnic background, age, sexual minority sub-identity, 
religion or the extent of others being aware of the participant’s sexual identity. These results indicate 
that poppers use is not related to socio-economic status or psychosocial and mental health and 
wellbeing. Poppers use is therefore unlikely to represent a coping mechanism in this population. 
However, correlations between recent poppers use and three concepts were identified: visiting sex-on-
premises venues, visiting licenced venues in the LGBT community, as well as the use of other 
substances. The relationship between recent poppers use and visiting sex-on-premises-venues is not 
surprising considering that poppers are regularly used during sexual activity (6). A relationship between 
the use of poppers and visiting licenced venues in the LGBT community is also consistent with previous 
research showing that sexual minority people who visit bars and clubs are more likely to engage in 
substance use due to the higher availability of substances in such environments (56,57). Finally, those 
who are using poppers were likely to use other substances and to engage in multiple substance use. This 
finding might provide a route for health promotion interventions to identify sexual minority men using 
multiple illicit substances via their usage of poppers. 
This research further demonstrates that while poppers are widely used among gay and bisexual young 
men in Australia, its use may have limited consequences and symptoms of dependency are not 
prevalent. This analysis overall supports the hypothesis that poppers are substances with a considerably 
lower risk profile than most other licit and illicit substances. An outright ban of this substance as 
currently considered by the Australian Therapeutic Goods Administration (2) and other jurisdictions 
may be perceived as a disproportionate response considering the low risk profile of these substances. 
Such a potential criminalisation of a substance used by a large proportion of sexual minority men may 
lead to further marginalisation of an already stigmatised community (58). There is a need for rigorous 
regulations of substances containing alkyl nitrites to limit the unwanted effects of poppers without 
further stigmatising sexual minority men. 
 
Strengths and Limitations 
This study is the first to determine the relationship between poppers use and a variety of concepts in a 
sample of gay and bisexual young men. This analysis was enabled by the use of valid and reliable 
measurements of substance use, mental wellbeing, psychological distress,  social health, and 
connectedness to and participation in the LGBT community. A further strength of this study was the 
use of the WHO ASSIST which allows a more in-depth analysis of poppers use including frequency, 
psychosocial consequences, and misuse and dependency symptoms. Concerning the methods of this 
study, the use of hierarchical segmentation analysis provides a multi-causal and multi-level 
understanding of recent poppers use. In addition, the non-parametric nature of hierarchical segmentation 
analysis overcomes limitations of the data set such as a lack of normality and linearity. 
This study has limitations. Participants were self-selected and may not be representative of gay and 
bisexual young men in Australia. However, the majority of the sample lived in major cities and were 
born in Australia, consistent with general population data for this age group (59). Information on state 
or territory of residence was not available. A limitation of the decision tree technique used is the 
potential for instability, as small changes in the sample may result in large changes in the tree and the 
results. Although we used well-established protocols to ensure a stable decision tree (e.g. cross-
validation), future research should replicate these findings to determine the robustness of these findings. 
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     Table 1 Sample Characteristics and general poppers use (n=836) 
Demographics 
Age, mean (SD) 23.4 years (4.8) 
Sexual orientation, identifies as ./. 
- Gay 81.6% (n=682) 
- Bisexual 12.0% (n=100) 
- Other  6.5% (n=54) 
Identifies as Caucasian or White 82.3% (n=688) 
Living area (major city) 69.3% (n=579) 
Born in Australia 80.3% (n=671) 
Poppers Use 
WHO ASSIST Score Poppers, mean (SD) 1.2 (3.1) 
Lifetime use 37.7% (n=315) 
Past 12 months use 24.4% (n=204) 
Past 3 months use 16.5% (n=138) 
Last month use 12.3% (n=103) 





Table 2 Poppers use characteristics among those who have used poppers in their lifetime (n=315) 
Poppers Use Variables 
WHO ASSIST Score Poppers, mean (SD) 3.1 (4.4) 
Past year use 64.8% (n=204) 
Past 3 months use 43.8% (n=138) 
Last month use 32.7% (n=103) 
At least weekly use in past three months 13.5% (n=42) 
Strong desire/urge to use poppers at least 
once a week (past three months) 
8.9% (n=27) 
Poppers use lead to health, social, legal 
and financial problems in past three 
months 
3.0% (n=9) 
Failed what was normally expected due 
to poppers use in the past three months 
1.3% (n=4) 
Other person was concerned about 
poppers use (ever) 
5.2% (n=16) 
Tried and failed to control, cut down or 




Figure 1: CHAID tree for poppers consumption in the last three months 
 
 
